Charpy Impact Testing

Laboratory Experiment #7

These data and Experiment #8 data are combined for the team report

MET231 Laboratory


This is a two-week laboratory.  The first week will focus on Charpy impact testing using ASTM E23, Type A specimens.  The second week is devoted to the analysis of fracture surface morphology of the Charpy impact samples as a function of temperature and alloy.  The Scanning Electron Microscope (SEM – Lab #8) is used to produce photomicrographs of the fracture surfaces. 

Report Requirements


Each team will prepare an industrial style report.  The report is to focus on the ductile to brittle transition of steel alloys, as a function of temperature, and conduct library research to identify engineering methods used to modify alloys so as to lower the ductile to brittle transition temperature.  In addition conduct library research and develop a discussion of fracture morphology as it relates to ductile and brittle fractures.  Use this information to analyze your Charpy fracture photomicrographs collected using the SEM.

Introduction


The testing equipment shown in Figure 1 allows the testing of materials in a three-point bending mode at a very high strain-rate.  This test uses a specimen that has dimensions of 1x1x5.5 cm.  A notch is machined into the specimen.  The V-notch design is specified in ASTM E 23, Type A, and is shown in Figure 2.
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Figure 1.  This figure is taken from Smith’s book.
   The drawing shows the geometry of the tester and suggests the physics of the system.  See also the illustration in your textbook.
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Figure 2.  The three common notch designs used in the Charpy test are shown.  For this laboratory experiment the design called “Type A,” will be used.  This figure was copied from ASTM E 23.


This experiment allows the evaluation of materials resistance to high velocity impact.  In addition, if energy required to fracture notched specimens is measured as a function of temperature, an important behavior called the “Ductile to Brittle Transition Temperature” becomes evident.  Figure 3 shows how the energy to fracture Charpy V-notch specimens varies as a function of temperature.
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Figure 3.  Annealed steels with varying amounts of carbon have been subjected to Charpy V-notch testing as a function of temperature.  There are the results for eight different carbon concentrations in plain carbon steels.
,

The Experiment


Two materials: AISI (SAE) 1018 steel and 6061-T651 aluminum will be tested.  During the course of the three laboratory sections, 28 specimens for each of these alloys (56 specimens in total) are tested at four temperatures.  The temperatures selected are  -78°C (-108°F)
, 0°C (32°F)
, and 100°C (212°F)
.   All specimens are machined from hot rolled wrought steel sheet.


A table of data collected from the three laboratory sections will be published on the class web site within 16 hours.  Each team is to use the collected set of data.  On the graph, of energy absorbed as a function of temperature, provide error bars at each temperature equal to one standard deviation.  Also, on this graph of experimental data, add the graph of literature data for similar alloys found during the literature search.
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� William F. Smith: Foundations of Materials Science and Engineering, McGraw-Hill, Inc., New York, p. 246.


� William D. Callister, Jr.: Materials Science and Engineering: An Introduction, Fifth Edition, John Wiley & Sons, Inc., 2000, p. 206.


� William F. Smith: Foundations of Materials Science and Engineering, McGraw-Hill, Inc., New York, p. 248.





� William D. Callister, Jr.: Materials Science and Engineering: An Introduction, Fifth Edition, John Wiley & Sons, Inc., 2000, pp. 208.


� Dry Ice + Acetone produces a two-phase mixture at –78°C.


� Ice + Water produces a two-phase mixture at 0°C.


� 100°C will be achieved by boiling water – there is an altitude correction.
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